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The p'resent inçention relates to valve operating 
mechanism and particularly to mechanism for 
adjusting the travel of a valve in response fo a 
given change in a controlling condition, for pur- 
poses of calibration. In the embodiment dis- 
closed herein, my invention is iltustrated as ap- 
plied to a valve adapted to compensate the ac- 
tion of an ah'craït carburetor in response fo 
variations in ah" density. 
A carburetor suited to use with the present in- 
vention is described in the patent issued to Harold 
F. Twyman, No. 2,391,755, dated December 2,5, 
1945. 
In aircraft ca.buretors of the general type to 
which the present invention is applicable, the 
air flow is usually measured by rneans of a pri- 
mary Venturi meter which supp!ies an air pres- 
sure differential proportional to the square oï 
the velocity of air flowing to the engine. For ny 
given nass ah" flow, this differential varies in- 
versely as the density of air being measured, and 
since fuel flow to thé engine must be proportional 
to mass air flow, it is necessary to employ a 
density compensator (sometimes called an auto- 
matic mixture control or altitude-temperature 
compensator) in order that the air pressure dif- 
ïerential obtained as a function of velocity ma.y 
be corrected to an air pressure differêntial which 
is a ïunction of mass air flow. The corrected, or 
effective, air pressure differential may then be 
used as a ïorce-producing means emp]oyable to 
control fuel flow. Such cornpensators generally 
employ a spring-loaded bellows which controls 
the position of a contoured valve in a seat ac- 
cording to air density changes at the priary 
venturi. 
An object of the present invention is fo pro- 
vide improved mechanism for manually adjusting 
a condition responsive element which operates a 
control device, such as a valve. 
Another object of my invention is to provide, 
in a density compensating device including a 
valve, a valve seat and a spring loaded bellows 
for moving the valve, improved means for djust- 
ing the relative positions of the valve and seat 
without affecting the adjustment of spring and 
bellows deflection. 
A further object of the present invention is fo 
provide improv.ed means of rendering one of the 
above two adjustments mechanically independent 
of the other. 
Other objects and advantages of the present 
invention will become apparent ïrom a considera- 
tion of the appended speciflcation, claires and 
drawing, in which: 
Figure 1 shows a cross-sectional view of a 
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density copensator embodying the principles of 
my invention; 
Figure 2 shows a plan view of the compensator 
of Figure I; and 
5 Figure 3 illustrates a means of insuring inde- 
pendency of two adjustments in accordance with 
the principles of my invention. 
leferring to Figure 1, there 
which may be an integral part of a carburetor 
10 body or a distinct part suitably attached thereto. 
An inlet 2 is connected by drilled channels or a 
tube or their equivalent to a source of air at 
pressure (po), the stagnation pressure at the 
entrance to the carburetor primary venturi, 
15 which is hot shown; and a conduit , or equiv- 
alent conducts air from body I fl to the throat 
of the p.rimary venturi, at pressure (p.). The diï- 
feïential (Po--P) varies direct!y as the square of 
the velocity of air flowing thru the primary vert- 
20 turi; but, at a given condition of mass air flow, 
the velocity of air flowing thru the throat of the 
prflnaïy venturi varies inversely as the air 
density, whence the ar pressure differential 
(Po--P) varies inverse!y as the air density and 
25 consequently is hot a true measure of mass air 
flow. 
The path of air flowing thru body  ïrom 
inlet  to ourlet 14 includes: a chamber 6, a 
restriction 3 in a boost venturi 2 which is de- 
30 tachably mounted in body  in a flxed positibn 
by a retainer 22; the path continues into cham- 
ber 2 in a valve guide 2 which is slidable but 
hot rotatable in retainer 22, past a valve 
through a valve seat 3}, out of ports 2 ïn valve 
35 guide 2, into a chamber 4, thru unrestricted 
passages 5 in an adjustable ring 3 fo chamber 
8, whence it enters ourlet 4. 
A cup-shaped casing 4 is assembled into a 
correspondingly-shaped recess in body 0. A 
40 ses,1 42 prevents air leakage into chamber 
thru clearance space between casing 49 and body 
; but does hot interfere with relative motion 
therebetween. The height of casing g in body 
 } is maintained constant by ruerai-fo-ruerai con- 
4 tact at a supporting shoulder  and rotation of 
casing 9 in body t, may be prohibited at will by 
means of a clamp  locked in position by tight- 
ening screws , whereby pressure betwee:n clamp 
4 and clarnping shoulder  on casing $ and 
50 the friction due to comp!-ession of a ring seal 
preventsrotation of casing 4 in relation fo body 
}, and serres as a supplementary air seul there- 
betveen. 
The upper end, as it appears in the drawing, 
5 of a bellows  is flxed inSide the c!osed end of 
casing 4{} and is sealed at a fill tube 52 after suit- 
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able suffusion with a fluid which renders the 
bellows responsive to temperature and pressure 
changes (or density changes) occurring in cham- 
ber 34 inside the casing 40. Thereafter the fixed 
end of bellows 50 is hot moved in relation to ifs 
support for adjustment purposes. Valve 20 is 
held against the free end of bellows 0 by a 
spring 54 supported by ring 3 which is threaded 
into casin_g 40 and onto guide 2. It is ruade 
possible, by provision of tapered plugs '5 thread- 
ed into ring 35, which is partially split as shown 
in Figure 3, to expand ring 3 so that it becomes 
non-rotatable in casing 40. OEhus, when plugs 55 
are tightened, and screws 43 are loosened, casing 
40 and ring 3 are rotatable together and vhen 
each rotation cccurs ring 3 turns in relation fo 
guide 2; rotation of the latter is prevented by 
provision of a splined connection or equivalent 
between retainer 2 and guide , so that rota- 
tion of ring 36 produces straight-line motion of 
guide 6 parallel to the center line of valve 0. 
Valve seat 30 is fixed to guide .S so as fo more 
with it. A press-fitted assembly of seat $ and 
guide  is preferred. 
Conversely, when plugs $ are loosened, casing 
 is rendered rotatable on ring 3 and the torque 
required to produce such movement is ruade sufii- 
ciently less than torque required fo turn ring 3 
relative to guide i so that ring 3$ remains sta- 
tionary. This adjustment may be ruade only 
when casing 40 is removed from body | 0, and the 
ring 3S may be conveniently held stationary 
under such conditions. 
It is apparent from examination of the draw- 
ing, Figure I, that when the casing 40 is dis- 
assembled from body 10, the defiection of spring 
4 may be varied by turning ring $ in casina . 
This operation, which is facilitated by provision 
of fiats , also changes the position of valve  
relative to seat 0; the desired relative positions 
of the valve and seat may then be obtained by 
turning guide  in ring 36 without permitting 
the latter to rotate in casing 40. 
As bellows 0 moves in response to density 
changes in chamber 34, the passage between valve 
2S and seat $0 varies as their relative positions 
change. Valve iS is contoured in a manner such 
that at constant mass air flow, the pressure dif- 
fer_ential (p0--pD across restriction IS remains 
onstant. This differential is applied to a di- 
aphragm or equivalent means whereby a force 
measuring mass air fiow is developed and imposed 
on corresponding fuel flow control elements, a 
type of which is as described in Twyrnan Patent 
No. 2,391,55, previously referred to. 
In Figure i, restriction I S is incorporated in a 
boost venturi which is effective to make the value 
of the differential (p0--pD a desired multiple of 
the corresponding diff.erentia! obtained with a 
straight tube in lieu of the boost venturi. 
The technique of adjustment may vary some- 
what, but general procedure prescribes removal 
of casing 40 assembly from body 10 for adjust- 
ment of the spring 54, with plugs 6 loosened, 
following which plugs 6 are tightened and Iock- 
wired and casing a assembly is reinstalled with 
clamp 4 loose. Instruments are connected to 
measure (p0--pD and (p0--p). Casing 40 is then 
rotated by means of a tool applied to flats S un- 
tri the desired value of the differential (p0--pD 
corresponding fo the existing differential (p0--p) 
is obtained. Clamp 46 is then secured in place 
and the adjustment is tested throughout a range 
of values of the primary Venturi differential 
(o--). 
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The advantage of the dual adjustment above 
described is apparent when it is considered that 
the bellows is sealed under predetermined con- 
ditions of volume, pressure, and temperature and 
 that its performance is predicted on the basis of 
the initial state of expansion of the fiuid con- 
tained therein. Therefore, if on being installed 
it is necessary to alter the bellows length by 
means of a single adjustment in order to obtain 
10 a desired valve and seat relationship under a 
particular condition of pressure and temperature 
and if such an adjustment does hot permit the 
bellows to operate af its standard length under 
standard conditions of temperature and pres- 
t sure, actual performance will hot agree with de- 
sired performance and may vary sufiiciently from 
the predicted ideal to tender the mechanism un- 
satisfactory. By use of the dual adjustment, the 
valve and seat relationship may be changed as 
O required without altering the designed length of 
the bellows under standard pressure and tem- 
perature conditions. 
The terres and expressions which I bave em- 
ployed are used as terres of description and hot 
2 of limitation, and I bave no intention, in the use 
of such terres and expressions, of excluding any 
equivalents of the features shown and described 
or portions thereof, but recognize that various 
modifications are possible within the scope of 
30 the invention claimed. 
I claim as my invention: 
i. An air pressure regulator-suitable for use 
in a carburetor, comprisin: a casin containing 
a valve, a valve seat, a sealed expansible cham- 
35 ber effective to move said valve in said valve 
seat, said casing being adapted to support one 
end of said expansible chamber in a fin'st air 
chamber on the downstream side of said valve, 
said sealed expansible chamber being respon- 
40 sive to pressure and temperature of the air in 
said first chamber; a regulator housing in which 
said casing is rotatably mounted and in which 
said seat is slidably but hot rotatably engaged, 
and means locking said casing in said housing 
G in a fixed position; a second chamber on the 
upstream side of said valve, and a selected 
boost venturi detachably mounted in said hous- 
ing at the upstream entrance to said second 
chamber, said venturi havinE a fixed restriction 
0 which gives a selected value of pressure differ- 
ential thereacross; an inlet fo said fixed restric- 
tion from a source of air at a higher second 
pressure effective fo cause fiow thru said re- 
striction, into said second chamber, past sid 
55 valve in said seat, and into said first chamber; 
and means supporting said seat responsive to 
rotation of said casing relative to said support- 
ing means and effective fo .slidably more said 
seat in relation to said casing, thereby varying 
ô0 the amount of engagement between said valve 
and said valve seat, whereby the opening through 
said valve can be adjusted fo the value of the 
pressure differential across the said selected 
venturi. 
 2. An air pressure regulator suitble for use 
in a carburetor, comprising: a casing contain- 
ing a valve, a valve seat, a .sealed expansible 
chamber effective fo more said valve in said 
valve seat, said casing being adapted fo support 
0 one end of said expansible chamber in a fin'st 
air chamber on the downstream side of said valve, 
said sealed expansible chamber being respon- 
sire fo pressure and temperature of the-air in 
said fin'st chamber; a regulator housinE-.in whiÇh 
 said casing is rotatably mounted and in which 
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said seat is slidably but not rotatably engaged, 
and means locking said casing in said housing 
in a fixed position; a second charnber on the up- 
strearn side of said valve, and a selected boost 
venturi detachably rnounted in said housing at 
the upstrearn entrance fo said second charnber, 
said venturi having a fixed restriction wh]ch 
gives a selected value of pressure differential 
thereacross; an inlet to said fixed restriction frorn 
a source of air at a higher second pressure 
effective to cause fiow thru said restriction, into 
said second charnber, past said valve in said seat, 
and into said first charnber; and ring rneans 
threaded into said .casing to adjustably:support 
a spring opposing the expansion of said expans- 
ible chamber and to slidably support said seat, 
said spring being adjustable upon rotation of 
said spring supporting means relative to said 
casing to vary the defiection of said expansible 
charnber, thereby varying the arnount of engage- 
ment between said valve and said valve seat, 
whereby the opening through said valve can be 
adjusted to the value oï the pressure differential 
across the said selected venturi. 
3. An air pressure regulator su]table for use 
in a carburetor, cornprising: a casing containing 
a valve, a valve seat, a sealed expansible cham- 
ber effective to rnove said valve in said valve seat, 
said casing being adapted fo support one end 
of said expansible charnber in a first air cham- 
ber on the downstream side oï said valve, said 
sea]ed expansible charnber being responsive to 
pressure and ternperature of the air in said first 
chanber; a regulator housing in wh]ch said 
casing is rotatably rnounted and in wh]ch said 
seat is s!idably butnot rotatably engaged, and 
rneans locking said casing in said housing in 
a flxed position; a second charnber on the up- 
strearn side of said valve, and a selected boost 
venturi detachably rnounted in said housing at 
the upstrealn entrance to said second charnber, 
said ventur having a flxed restriction wh]ch 
gives a selected value of pressure differential 
thereacross; an in]et to said fixed restriction frorn 
a source of air at a higher second pressure effec- 
tive to cause fiow thru said restriction, into said 
second chamber, past said valve in said seat, 
and.into said first charnber; and ring rneans ad- 
justably secuïed to said casing and threadedly 
engaging said seat to adjustably support a spring 
opposing the expansion of said expansible chaïn- 
ber and to slidably support said seat in said hous- 
ing; said spring and seat supporting rneans being 
effectïve to vary engagement of said valve in said 
seat in response to rnovement of said seat whm 
said rneans turns thereon, and in response fo 
fiection of said spring vhen said ring rneans is ad- 
justed with reference to said casing, whereby the 
opening through said valve can be adjusted to 
the value of the pressure differential across the 
said selected venturi. 
4. An air pressure regu]ator su]table for use 
in a carburetor, comprising: a casing containing 
a valve, a valve seat, a sea!ed expansible charn- 
ber effective to rnove said valve in said valve 
seat, said casing being adapted to support one 
end of said expansible charnber in a first air 
chamber on the downstrearn side of said valve, 
 said sea]ed expansible chamber being responsive 
to pressure and ternperature of the air in said 
first charnber; a regulator housing in wh]ch said 
casing is rotatably rnounted and in wh]ch said 
seat is s]idab]y but hot rotatab!y engaged, and 
rneans ]ocking said casing in said housing in 
a fixed position; a second charnber on the 
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stream side of said valve, and a selected boost 
venturi detachably mounted in said housing at 
the upstrearn entrance to said second chamber, 
said venturi having a fixed restriction wh]ch gives 
5 a selected value of pressure differentïal there- 
across; an inlet to said fixed restriction frorn a 
source of air at a higher second pressure effective 
to cause flow through said restriction, into said 
second charnber, past said valve in said seat, and 
10 into said first charnber; ring rneans threaded into 
said casing and threadedly engaging said seat 
to adjustably support a spring opposing the 
expansion of said expansible charnber and to 
slidably support said seat in said housing; and 
15 rotatab]e locking rneans in said ring rneans effec- 
tive when said casing is disassernbled frorn said 
housing to vary the periphery of said ring rneans 
thereby varying the torque required to rotate said 
ring rneans in said casing frorn a first value less 
20 than to a second value greater than the torque 
required to rotate said ring rneans on said valve 
seat; vhereby said ring rneans is.effective to vary 
engagement of said valve in said seat in 
sponse to rnovernent of said seat when said ring 
25 rneans is turned thereon, and said ring means 
is independently effective to vary engagement 
of said valve in said seat in response to deflection 
of said spring when said ring rneans is turned 
in said casing, whereby the opening through said 
30 valve can be adjusted to the value of the pressure 
differential across the said selected venturi. 
5. Valve operating lneans cornprising a valve, 
a genera]ly cylindrical casing having one end 
closed, an expansible bellows attached inside 
35 said closed end of said casing, and a connection 
between the other end of said bellows and said 
valve; a spring opposing expansion oï said bel- 
lows, a fera]ner for the end of said spring thread- 
ed into said casing so as fo be adjustable with 
40 respect to said closed end of said casing; rneans 
for locking said fera]ner in adjusted position in 
said casing; a seat for said valve, and a threaded 
connection between said seat and said fera]ner 
for rnoving said seat without changing the posi- 
45 tion of said fera]ner in relation fo said bel!ows. 
6. Fluid flow controI apparatus, cornprising 
housing having a generally cylindrical recess 
therein, and ]nier and ourlet passages thru said 
housing opening into the bottom oï said recess; an 
50 inverted cup-shaped casing slidably received in 
said recess and closing the outer end thereof, 
and interfitting shoulders on said housing and 
casing to locate said casing in said housing, said 
shoulders perlnitting relative rotation oï said 
55 casing and housing; rneans for locking said cas- 
ing to said housing to prevent such relative 
rotation, and means on said casing ours]de said 
housing ïor applying torque thereto to rotate said 
casing in said housing; an expansible bel]ows 
60 having one end fixed to the iris]de of said casing 
so that its opposite end rnoves with pressure 
variations therein, a valve rnovable with said 
opposite end of said beïlows, and a seat for said 
valve surrounding one oï said passages, said seat 
65 being slidable with respect fo said housing; rneans 
holding said seat against rotation with respect 
to said housing, and a threaded connection 
tween said casing and said seat, so that upm 
rotation of said casing in said housing said seat 
70 is rnoved with respect fo said valve te, vary the 
relationship between the pressure in said casing 
and the fiow past said valve. 
ï. Fluid flow control apparatus, cornprising 
housing having a generally cylindrical recess 
75 therein, and inlet and ourlet passages thru said 
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housing opening into the bott0m of said reces; 
an inverted cup-shaped casing slidably receivable 
in said recess and closing the outer end thereoï, 
and interfitting Shoulders on said housing and 
casing to locate said casing in said housing, said 
shoulders permitting relative rotation oï said 
casing and housing; means for locking said cas- 
ing to said housing, and means on said casing 
outside said housing for app!ying torque thereto 
to rotate said casing in said housing; an expansi- 
ble bellows having one end fixed to the inside 
oï said casing so that its opposite end moves 
with pressure variations therein, a valve mov- 
able with said opposite end oï said be]lows, and 
a seat for said valve surrounding one of said 
passages; an element connected to said seat and 
threadedly connected to saidcasing, and a spring 
opposing expansion on said bellows supported 
by said e]ement, whereby rotation of said ele- 
ment in relation to said casing when said hous- 
ing and said casing are dissassembled is effective 
to vary said opposition of said spring and to 
more said valve in respect to said seat to vary 
the relationship between the pressure in said 
casing and the fiow past said valve. 
8. Coupling apparatus, comprising an inner 
sleeve, an outer sleeve, means associated with 
each sleeve for locking if against rotation, said 
inner s]eeve being zlidab]e longitudinally with 
respect to its ]ocking means, an annular plate 
threadedly connected to said inner sleeve and 
to said outer sleeve, said plate having at least 
one slot extending inwardly from its outer cir- 
cumference, a plug for spreading said s]ot so 
that said plate rotates with said outer sleeve 
whenever said plug is in place and said outer 
sleeve is rotated, but is rotatable relative to 
said outer sleeve whenever said plug is removed, 
said plate being effective to cause longitudinal 
movement of said inner sleeve with respect toits 
locking means when said plate is rotated with 
said plug in place and said outer sleeve is un- 
locked and rotated. 
9. Valve control comprising a housing and a 
valve seat slidably engaged therein, a valve mov- 
able in said seat, a pressure responsive bellows, 
- a first connection between said valve and one end 
of said be]lows, a second connection between the 
other end. of said be]lows and a casing in vhich 
said bellovs is lnounted, flange means rotatably 
mounting said casing in said housing, clamping 
means operab]e to make said casing nonrotatab]e 
in said housing, a coupling threaded into said 
casing and onto said valve seat, and rneans for 
]ocldng said coupling to said casing, said coupling 
being effective to cause s]iding movement of said 
seat in respect to said housing and to vary the 
engagement of said valve in said seat when said 
casing and coupling are locked together and are 
rotated in relation to said housing. 
10. Valve control comprising a.housing and a 
valve seat slidably engaged therein, a valve mov- 
able in said seat, a pressure responsive bellows, 
a first connection betveen said valve and one end 
of said bellows, .a second connection between the 
other end of said bellows and a casing in which 
said be]lows is mounted, fiange means rotatab]y 
mounting said casing in said housing, clamping 
means operable to make.said casing non-rotat- 
able in said housing, a coupling threaded into 
said casing and onto said valve seat, a spring 
mounted between said coupling and said bellows 
effective to oppose expansion thereoî, said cou- 
pling being effective to vary the defiection of said 
spring thereby varying £he engagement of said 

valve in said seat when said valve control is 
disassembled and said seat and .coupling are 
rotated in relation to said casing but hot to.each 
other. 
5 11. A control actuating device .comprising a 
housing and a first control e]ement slidably 
gaged therein, a second control element movab]e 
in said first element, a pressure responsive bel- 
lows having a predetermined length correspond- 
10 ing to a particular value oï the pressure differen- 
tial acting thereon whereby the normal response 
of said be]lows is predetermined for all values of 
said pressure differential, a first connection be- 
tween said second control element and one end 
!5 oï said bellows, a second connection between the 
other .end of said bellows and a casing in which 
said bellows is mounted, fiange means rotatably 
rnounting said casing in said housing, clamp- 
ing means operable to make said casing non- 
°0 rotatable in said-housing, a coupling hreaded 
into said casing and onto said first contr01 ele- 
ment, and means for locking said coupling to 
said casing, said coupling being effective to 
cause s]iding movement of said first element in 
25 respect to said housing and to vary the position 
of said second e]ement in said frst e!ement when 
said casing and coupling are locked together and 
are rotated in relation fo said housing; whereby 
the relative position of said first and second 
30 control elements in respect to each other is vari- 
able without affecting said normal response of 
said be]lows. 
12. A control actuating device comprising a 
housing and a first control element slidably en- 
35 gaged therein, a second control element movable 
in said first element; a pressure responsive bel- 
lows having apredetermined length correspond- 
ing to a particular value of the pressure differ- 
ential acting thereon, vhereby the normal re- 
40 sponse of said be]lows is predetermined for ail 
values of said pressure differential; a rst con- 
nection between said second element and one end 
oï said be]lows, a second connection between the 
other end of said bellows and a casing in which 
45 said bellows is mounted, a fiange rotatably 
mounting .said casing in said housing, clamping 
means operable to make said casing non-rotat- 
able in said housing, a coupling threaded into 
said casing and onto said first control element, 
50 a spring mounted between said coupling and said 
bellows effective to oppose expansion thereof, 
said coupling being effective to vary the deflection 
of said spring, thereby .varying the position of 
said second control element in said rst control 
55 element when said control actuating device is 
disassembled and said seat and coupling are 
rotated in relation to said casing but hot to each 
other, said spring deflection variation beingeffec- 
tire to modify said normal response of said 
60 bellows. 
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